The anatomical features of hydrocephalus are fairly well known, and a growing knowledge of the pathology suggests that in most if not all cases the ventricular dilatation can be explained by obstruction to the circulation of the cerebro-spinal fluid. It is not always easy to identify the site or cause of the obstruction, but a common place is in the narrows of the midbrain where the aqueduct may be compressed by a benign proliferation of the subependymal glia or by a tumour of the brain stem, pineal gland or vermis cerebelli. As the prognosis and treatment differ considerably in these various conditions, we commonly look to ventriculography for help in diagnosis. For various reasons, the interpretation of air shadows in this region is not always easy, or indeed possible, and we feel that any additional information about the pathological possibilities should be of importance.
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This report deals chiefly with two cases of hydrocephalus in which the dilatation of the lateral ventricles was accompanied by rupture of the wall of the ventricle in the region of the vestibule, and the formation of a cyst-like space under the tentorium communicating with the lateral ventricle. The site of the rupture was identical in the two cases, and the ventriculographic appearances were similar. In both cases the hydrocephalus resulted from aqueduct obstruction, in one by proliferation of the subependymal glia and in the other by a fibrillary astrocytoma of the brain stem. We have also included the pathological report of a case of hydi ccephalus due to adhesive arachnoiditis in which an early stage in the development of this process was seen.
Our interest in this abnormality began with an earlier case of stenosis of the aqueduct which had produced great dilatation of the third ventricle. The distended suprapineal recess protruded as a cyst-like swelling beneath the splenium, insinuating itself between the lower surfaces of the occipital lobes, and the upper surface of the cerebellum. Since then we have seen such dilatations in ventriculograms on a number of occasions and had come to regard the presence of a large suprapineal recess as evidence for an intrinsic lesion of the brain stem (benign stricture or tumour) as opposed to an extrinsic lesion such as a tumour of the superior vermis or of the pineal gland. The recess may be dilated in cases of obstruction in the distal part of the fourth ventricle too, but in these cases the aqueduct and fourth ventricle are generally dilated and it is fairly easy to demonstrate them in ventriculograms. In our first case, a large air-shadow beneath the tentorium was thought to be such a dilated suprapineal recess until it was shown at necropsy to be in communication with the lateral and not with the third ventricle.
Case Reports Case 1. J.H. (R.I. 11851), a girl of 16 years, was admitted to the Radcliffe Infirmary on 4/11/40, complaining of headache. For two years she had been subject to attacks of headache lasting for four or five hours, occurring once or twice a month, with good health in the intervals. She occasionally vomited with the headaches, and for a year she had often been aware of a rhythmical noise in the head (which it was found could be stopped by compressing one or other carotid artery in the neck). The increasing frequency and severity of the headaches brought her to hospital; there were no other symptoms on direct enquiry.
On examination she was a healthy-looking girl normally developed and rather above the average intelligence. The skull was 54 cm. in circumference, slightly larger than normal. There was bilateral papillcedema, 3 D., but the visual acuity and fields were normal, except for slight enlargement of the blind spots. The pupils and ocular movements were normal, and there were no definite abnormalities in the examination of the rest of the nervous system. The spinal fluid pressure was 270 mm., and the fluid was normal on analysis. X-rays of the skull showed some convolutional thinning of the vault, early separation of the sutures, and some erosion of the sella turcica.
Comment.-This was thus a case of increased intracranial pressure with no definite localizing signs. Ventriculography revealed symmetrical dilatation of the lateral ventricles, and of the third ventricle with what was interpreted as a dilated suprapineal pouch (Fig. 1) . The aqueduct could not be visualized distal to its upper end, and no air had got through to the fourth ventricle or cisterna magna. The appearances were regarded as being due to a stricture of the aqueduct, probably caused by proliferation of the subependymal glia.
At operation on the same day, 8/11/40, an incision was made in the lamina terminalis, by way of the right sub-frontal approach. The post-operative Brain. Macroscopic. The cerebral hemispheres werc considerably but unevenly expanded, the right frontal lobe bulging greatly at the site of the old craniotomy, which measured 8 by 4-5 cm. Apart from this area the meninges over the convexities of the brain appeared normal, except for slight subdural and subarachnoid hzemorrhage over the inferior surface of the right temporo-occipital region. In the meninges over the quadrigeminal plate was an empty space which measured 19 cm. from above down by 1 1 cm. in the mid-sagittal plane by about 2 2 cm. from side to side, and was bounded dorsally and laterally by a grey translucent fibrous membrane continuous with the arachnoid membrane. The roof of the space arched over the gap between the splenium and the anterior border of the vermis, lying beneath but in close relationship to the pineal body and the great vein of Galen (Fig. 4 ). An operative perforation, measuring 0 7 cm. in diameter, occupied the left side of the membrane. Internally the membrane appeared smooth and was sealed off everywhere from the adjacent cerebrospinal spaces, except at one point where it communicated with the left lateral ventricle by an orifice measuring 0 8 by 0 5 cm. This orifice was situated in the hinder part of the body of the ventricle, in the thin lamina of white matter that lies posterior to the fornix and medial to the hippocampal gyrus (Fig. 4) . Its borders were smooth and rounded. At the same position in the right lateral ventricle was a dimple of similar size, but with no perforaticn in its depths. A ventriculostomy (Top portion).
(Bottom portion). Comlmeetit. As in the first case, the problem was one of increased intracranial presstire without localizing signs, and ventriculography revealed gross ventricular dilatation with a large pouch extending backwards under the tentoriuL1m (Fig. 5) Br-ain.-Macr-oscopic.-The hematoma had caused great flattening of the right cerebral convexity, but the left cerebrum was of good shape, its contours being full and rounded. The floor of the third ventricle formed a translucent balloon filling the interpeduncular space and measuring 3-0 by 2-2 cm. There was a cerebellar pressure-cone 2-0 cm. long. Over the quadrigeminal plate the arachnoid membrane was elevated to form a space, about 3 0 cm. in diameter, which extended over the anterior end of the vermis for a distance of about 2 cm. The membrane contained several oval openings, corresponding to those made at operation. Elsewhere the space appeared to be sealed off from the cerebrospinal pathway, except where an oval orifice, 1 0 by 0-7 cm., led into the cavity of the left lateral ventricle in a position identical with that observed in Case I (Fig. 6 ). There was no corresponding opening or dimple on the right side, but the tissue here was thin and translucent. The margins of the orifice were smooth and rounded, except along its medial border, which was occupied by a crescentic flange of translucent tissue up to about 2 mm. wide. Both lateral ventricles were equally and considerably dilated, the foramina of Monro measuring 1 5 by I cm. The septum pellucidum was fenestrated. The appearances of the orifice in the left lateral ventricle are similar to those described in Case 1. The corresponding imperforate area in the right ventricle is occupied by a lamina, about 0-6 mm. thick, of ependyma and subependymal glia. The appearances of the nervous tissues are normal, apart from loss of the ependymal cells in many areas. There is slight fibrosis of the adjacent meninges with a considerable collection of red corpuscles, fibrin and few neutrophil leucocytes in the meshes of the pia. The leptomeninges forming the wall of the cystic space over the mid-brain show fibrous thickening and sparse infiltration with lymphocytes and desquamated cells as in Case 1. There is, in addition, some infiltration with neutrophil leucocytes. Over the ventral aspect of the brain stem the reaction is limited to slight focal leuLcocytic infiltration. corresponding area in the right ventricle was of translucent thinness. The cause of the hydrocephalus here was a fibrillary astrocytoma of the quadrigeminal plate which deformed the iter; in Case 1 a gliosis of the iter was responsible. In the literature these two types of lesion have often been confused, but, though we have insufficient evidence to deny categorically the neoplastic character of aqueductal gliosis, there are certain features on which we may base a distinction in the present two cases.
1. Macroscopic expansion and deformity of the mid-brain.-This was absent in Case 1, but a definite feature in Case 2.
2. Subdivision and displacement of the aqueduct. In Case 1 subdivision was conspicuous, but the aqueduct occupied its normal position in the midline; in Case 2 the aqueduct was displaced and deformed, but not subdivided.
3. Cytological features of neoplastic growth were not seen in Case 1. In Case 2 we observed invasion by fibrillary astrocytes of the meninges and VirchowRobin spaces of blood vessels, also variations in the morphology of the cells with occasional multinucleate giant cells.
The distinctions indicated in 1 and 2 are probably of greater value than those in 3. (Fig. 7) . A similar filament traversed the cavity of the third ventricle parallel with the anterior and grey commissures. Apart from a fine morocco-leather granularity of the ependyma over the basal ganglia the walls of the ventricle were smooth, ivory white, and corrugated. In the right lateral ventricle the site of the orifice leading into the leptomeninges observed in Cases I and 2 was occupied by a sharply defined oval translucent membrane, measuring about 1 by 0-6 cm. This was rendered conspicuous in photographing the specimen by placing a bright light behind it (Fig. 7) .
Microscopic.-The translucent area in the hind-part of the right ventricle, illustrated in Fig. 7 , is formed by a membrane, from 87-5 to 105 pt thick, of fibrillary glia. The ependyma has been lost from its ventricular surface and is interrupted over the adjacent hippocampal gyrus. The leptomeninges covering the outer aspect of the membrane are normal apart from a sparse infiltration with desquamated arachnoid cells, lymphocytes and a few neutrophil leucocytes.
The septum in the left lateral ventricle is composed of vascularized neuroglial tissue devoid of inflammatory infiltration except where it unites with the choroid plexus. The latter is embedded in a richly vascularized layer of neuroglial and collagenous tissue infiltrated with a few lymphocytes and small groups of macrophages many of which contain iron pigment. The anterior aspect of the lateral extremity of the septum and adjacent parietal wall of the ventricle are denuded of ependymal cells; a few short strips of these cells are present on the posterior surface of the septum where it approaches the ventricle wall.
The leptomeninges, especially the arachnoid membrane, over the brain stem and cisterna magna are thickened by fibrosis and infiltrated with numerous desquamated arachnoid cells, many of which have ingested red corpuscles, while a few contain granules of iron pigment. Free red cells and sparser leucocytes and lymphocytes are also present. The arachnoid membrane over the cisterna magna is united to the dura by fibrous tissue and here the arachnoid cells have proliferated to form sheets over the collagenous trabecula. The fibrosis does not extend however over the lateral lobes of the cerebellum, though phagocytic activity of the arachnoid cells is evident and is accompanied by a sparse infiltration with neutrophil leucocytes. There are numerous ependymal granulations in the lining of the fourth ventricle.
Summary.-Internal hydrocephalus is due, in this case, to chronic leptomeningitis of unknown aetiology. Birth trauma is unlikely to have been the cause since there is little evidence of old haemorrhage; the small amounts of iron pigment present in the meninges over the brain stem, as well as the free and ingested red cells, may be attributed to the operation performed five days before death. It is possible that the febrile illness at the age of three weeks was a low-grade meningitis. The observation ofexpansion of the skull from this time onwards is in support of this view. There is insufficient evidence to indicate the origin of the septum and filaments within the ventricles.
The dilatation of the lateral ventricles was greater than in Cases 1 and 2, but the concomitant expansion of the skull probably prevented the intra-ventricular pressure from reaching the levels attained when the sutures are closed.
General Comment These cases demonstrate an unusual sequel of hydrocephalus which may be commoner than we have realized. Its importance lies chiefly in the interpretation of ventriculograms-and recognition of its nature should be of guidance in the surgical treatment of cases such as we have described.
The cystic collection in the leptomeninges was at first regarded as a diverticulum of the third ventricle until necropsy studies showed that it was in communicatioin with the lateral ventricle. Further examination has shown that it is not a diverticulum
